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The measured data of seven properties have been utilized to assess the within-log variation and the degree of anisotropy.
The results are as follows:
(1) The coefficient of variation of apparent density is as small as 0.5%. (2) The maximum deviations of thermal conductivity, mean coefficient of thermal expansion and elastic modulus are well within +-10% of the respective mean and no appreciable heterogeneity in terms of these properties are observed. The coefficients of variation are around 5%.
(3) Both tensile and bending strengths show no systematic within-log variation but reveal a large variation of +-20% of the respective mean. The coefficients of variation lie between 5% and 10%. The compressive strength deviates to much lesser extent. The data from 129 tensile strength tests can be represented statistically by a normal distribution.
(4) The anisotropy factors of all measured properties range from 0.98 to 1.05. Thus, IG-110 graphite can be modeled as an isotropic homogeneous material in engineering thermal and stress analyses for nuclear component designs. 
III . RESULTS AND DISCUSSION
The means and standard deviations of seven different properties, depending on within-log location, are shown in Figs. 3~10. Based on these figures, the heterogeneity and anisotropy in each property will be discussed in the following.
The anisotropy factor is defined here as a ratio of the mean value for the axial test specimens to the one for the radial test specimens.
As shown in Fig. 3 , apparent density changes slightly from the top to the bottom part.
The maximum deviations from the overall mean value, however, are +0.6 % and -0.5%. They correspond to +1.3 and -1.1 times the overall standard deviation. The overall coefficient of variation (mean/standard deviation) is 0.5%.
Therefore, the graphite block tested is homogeneous concerning apparent density in an engineering sense.
The thermal conductivity at 500dc shown in Fig. 4 changes similarly to the apparent density. The maximum and the minimum are higher by 4.3 % and lower by 5.8%, respectively, than the overall mean value in the axial orientation, and higher by 2.5 % and lower by 3.4 % in the radial orientation. Because the largest deviation from the overall mean is less than +-5 %, the thermal conductivity may well be regarded to be locationally independent,
i.e. homogeneous, in the engineering thermal calculation.
The anisotropy factor ranges from 0.91 to 1.01 with the overall mean being 0.98. Considering the value resulted from limited numbers of the test specimens, the block is isotropic with respect to thermal conductivity. Fig. 6 . The maximum value for the axial orientation appears in the top/ELI part, while the maximum in the radial orientation appears in the bottom/ELI and ELO parts. They correspond to only +3.8% and +2.5% higher than the overall mean value of the respective orientation.
In addition, the anisotropy factor deviates very little from the overall mean value within the block. Because the anisotropy in elastic modulus is so small, there is no need to employ a transversely isotropic model in an elastic stress analysis. In Fig. 9 are shown the distribution and anisotropy factor of bending strengths.
Although the numbers of the test specimens are limited as compared with the tensile tests, the uniformity and the isotropy in bending strength are indicated.
Data on compressive strengths are given in Fig. 10 . This figure is indicative of a good homogeneity and a negligible anisotropy in compressive strength.
To sum up the results mentioned in the preceding, features of individual properties measured in the present study are depicted in Fig. 11 . There are three points to be noted in the figure.
Firstly, the maximum within-log deviations of thermal conductivity, mean coefficient of thermal expansion and elastic modulus range between -10% and +10% of the respective mean value. The coefficients of variation of these properties are around 5 %.
Secondly, tensile and bending strengths deviate in the range of +-20 % of the respective mean value. The coefficients of variation lies between 5 % and 10 %. properties are between 0.98 and 1.05. Therefore, it is concluded that the assumption of the isotropy of IG-110 graphite can be justified for structural design calculations.
IV . CONCLUSIONS
A number of various test specimens taken systematically out of the full-sized block of IG-110 graphite have been examined to investigate the variation of physical and mechanical properties within the log and the degree of anisotropy.
This study has been performed in support of structural designs for the core graphite components of the HTTR. Assessments of the measured data on apparent density, thermal conductivity, mean coefficient of thermal expansion, elastic modulus, tensile strength, bending strength and compressive strength have led to the following findings :
(1) The coefficient of variation of the apparent density is as small as 0.5 % and minimal among the seven properties.
(2) The maximum deviations of thermal conductivity, mean coefficient of thermal expansion and elastic modulus range well within +-10% of the respective mean value. No appreciable heterogeneity in these properties within the log is found. The coefficient of variation of individual properties is around 5 %. The compressive strength deviates to much lesser extent than tensile strength.
These results will be referred to in defining the specified minimum ultimate strengths of IG-110 graphite. 
